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Passive cigarette smoke-challenge studies: 
Increase in bronchial hyperreactivity 


Prem Menon, MD, Roy J. Rando, ScD, Richard P. Stankus, MD, Phb, 
John E. Salvaggto, MD, and Samuel B. Lehrer, PhD New Orleans. Lm. 


Degree and duration of bronchial hyperreactiviry IBHR) after environmental tobacco smoke 

(ETS) inhalation war assessed in 31 smoke-sensitive subjects with asthma who exhibited lower 

airwav symptoms on ETS exposure {group l) and 39 smoke-sensitive subjects without asthma 

who manifested only upper airway symptoms on cigarette-smoke exposure Igroup II). Subjects 

were challenged with ETS for 4 hours in a static-test chamber. The atmosphere wm 

continuously monitored for airborne particulate levels 1800 cpmi. iota! suspended particulates 

11266 ± 283 iiginrj. and airborne nicotine levels [226 ~ 49 pig.m-j. Methacholine challenges 

were performed before and serially after cigarette-smoke exposure, and the provocative dose 

caul mg a 20*% fall in FEV, was determined Five of the 31 smoke-sensitive subjects with asthma 

and none of the smoke-sensitive subjects without asthma reacted to agarene-smoke challenge 

1 220*?^ fall from baseline FEV,). Thirty-two percent 110/31) of the subjects with 

asthma demonstrated increased BHR at 6 hours. 29% I9<3II at 24 hours, and 13% 14/311 up 

to dav 14 after ETS challenge Of the subjects without asthma. 18 a r 17 79) demonstrated 

increased BHR at 6 hours, 10% 14/39) at 24 hours, and 8% 1 3 ■ 39l at 3 weeks. These studies 

demonstrated an increase in BHR after cigarette-smoke challenge tn a number of study subjects 

[although thev were clinically asymptomatic) anti suggest that prolonged subcltnicai airway 

inflammation can occur in rhe absence of demonstrable change in airw ay caliber on exposure to 

ETS. (J Allefcy Cun Immunol 1992:89:560-6.) T • r 
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Several inhalation-challenge studies have assessed 
the response of adult subjects with asthma to passive 
cigarette-smoke exposure. ,J Although some of the 
studies' : failed to demonstrate an appreciable decline 
in pulmonary function, other studies 3 ‘ reported a sig¬ 
nificant decline FEV, in groups of nonsmoking sub¬ 
jects with asthma after controlled challenge with ETS, 
Rechallenge studies of these subjects 24 months later 
with ETS confirmed our previous observation and sug¬ 
gested that "sensitivity ' to ETS was persistent.' Clas¬ 
sic late-phase reactivity (at 5 to 6 hours after chal¬ 
lenge) was not demonstrable, and cromolyn sodium 
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Abbreviations used 
ETS: Environmental tobacco smoke 
BHR: Bronchial hyperreactivity 
MC: Methacholine challenge 
TSP: Total suspended panicles 
cpm. Counts per minute 
SS: Smoke-sensitive 

PD W : Provocative dose of mclhacholine causing a 
20T decrease in FEV, 


and/or albuterol protected the airways from the effects 
of ETS. 5 

Increased bronchial reactivity has been previously 


reported in a group of smokers with normal pulmonary 
function. 0 Furthermore, increased nonspecific BHR 
has been noted among children with asthma with 
smoking mothers. 7 " Increase in BHR is the hallmark 
of late-phase airway reactivity." 1 11 Increase in BHR 
has also been demonstrated after isolated early pul¬ 
monary response. l; suggesting that airway caliber per 
se does not influence the response to methacholine 
Reactivity to ETS is unique, occurs after 60 or more 
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minutes of continuous cigarette-smoke exposure, and 
does not represent classic immediate or late pulmonarv 
reactivity.’ The present study was designed to assess 
and characterize any increase in BHR after a single 
ETS challenge. This was achieved by serial MCs ad¬ 
ministered before and after passive cigarette-smoke 
exposure. 

MATERIAL AND METHODS 
Subjects 

Subjects with asthma and control subjects without asthma 
were recruited from die respondents to a newspaper adver¬ 
tisement announcing the study Subjects with asthma met 
the definition of asthma of the American Thoracic Society 
Subjects had a positive MC and/or sl5% increase in FEV, 
after bronchodilator administration Thirty-one SS subjects 
with asthma <12 to 50 years of age. 21 black and 10 while 
subjects: 11 were male and 20 were female) and 39 subjects 
without asthma (aged 12 to 50 years: 21 black and IS white 
subjects; 17 were maJe and 22 were female! participated in 
the study. All subjects were "smoke sensitive 4 in that the 
subjects with asthma reported chest tightness, shortness of 
breath, cough, or wheezing, and the subjects without asthma 
reported only upper respiratory symptoms on exposure to 
ETS. All subjects gave informed consent and answered a 
questionnaire specifying degree and duration of symptoms, 
medications, past medical history, smoking history , expo¬ 
sure to passive cigarette smoke l work or homei, and per¬ 
sonal assessment of sensitivity to cigarette smoke A 
physical examination was performed on all study subjects. 

Skin tests 

All subjects were prick skin tested with a panel of 25 
common seasonal and environmental allergens (house dusi. 
mite, ragweed, grasses, trees, and molds), two tobacco-leaf 
extracts (the first, 1:10 wt/vol. from Holhstcr-Sner. 
Elkhart, Ind.. and the second. 10 mg/ml, prepared in our 
laboratory from the tobacco of 1R4F cigarettes) and a cig¬ 
arette-smoke extract prepared by bubbling 1R4F cigarette 
smoke through phosphate-buffered saline. 1 ' Subjects dem¬ 
onstrating two or more positive skin tests to seasonal and 
environmental allergens (S3 mm wheal from the saline 
control) were considered atopic. 

Pulmonary-function tests 

Baseline pulmonary functions (FEV,. FVC. peak expi¬ 
ratory flow rate. FEF;„.„») were performed with a Pul- 
monaire (Jones Medical Instrument Co., Oak Brook. 111.) 
spirometer with a dalamite 3 microprocessor. Baseline peak 
flow was recorded by each subject after challenge with a 
mini-Wright peak flow meter (Clement Clarke International. 
Ltd.. London. England). 

Inhalation methacholine challenges 

All bronchodilatnrs were withheld for 12 hours, and cro¬ 
molyn sodium and antihistamines were withheld for 24 
hours before the MC. Preparation of methacholine solution, 
production and characterization of aerosol, method of m- 
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halation, measurement of lung function during challenge, 
and the full MC protocol used in this -tudy have been pre¬ 
viously described.' 14 MC was done according to the tech¬ 
nique described by Chai et al. ,f with some modifications. 
The full protocol comprised of 12 sequential doubling 
cumulative doses and used ICf doubling concentrations of 
methacholine (in Phenol-buffered saline solutionl from 
0.0625 to 32 mg/ml The various concentrations of metha¬ 
choline were delivered vja a mouthpiece with a DeVilhiss 
iDeVifbissCo.. Somerset. Pa.) No. 45 nebulizer. Each neb¬ 
ulizer was attached to a compressed-air source at 20 pst. 
producing, with the air vent closed, an outlet flow of 
11.0 ± 0.1 L/min. The length of each nebulization was 
controlled by a nebulization dosimeter (Rosenthal-French. 
The Johns Hopkins University. Baltimore, Md. I at a setting 
of 0.6 seconds per inhalation. After baseline measurements 
of FEV, (100% equals mean of six readings), sequential 
challenges were administered with the diluent control and 
doubling cumulative doses of methacholine from 0 3 unit 
(! unit, one inhalation of aerosol from a t mg ml solution 
ot methacholine) to maximum of 640 cumulative units, "fbe 
test was terminated when a 20% decrement of mean FEV 
was sustained for 5 minutes or the maximal methacholine 
dose had been administered. Any bronchoconsirtction was 
then reversed by inhaled albuterol The cumulative dose of 
methacholine that corresponded to a 20‘S- decrease in FEV, 
was determined by linear interpolations of the last two points 
on the dose-response curve 

Study subjects who had no respiratory infections in the 
last 4 or more weeks before the test and demonstrated at 
least 70% of predicted FEV,, were subjected to MC on the 
afternoon of the day before the ETS challenge The follow¬ 
ing day. ETS challenges were performed and serial MC> 
were done on all subjects at 6 and 24 hours alter the passive 
cigarette-smoke exposure. Since there was very little vari¬ 
ation of PD-o of subjects not exposed to ETS. for the purpose 
of the study, a twofold or greater decrease in PD-, was 
considered to be a significant tncrease in BHR after smoke 
exposure. Subjects demonstrating a significant increase in 
BHR at 24 hours were followed with serial MCs on days 3 
and 7 and weekly thereafter until the subjects' PD a , metha¬ 
choline returned to pre-ETS-chalienge levels. As controi 
subjects. 10 subjects with asthma were subjected to three 
serial MCs (0. 6. and 24 hours) Without challenging the 
subjects with cigarette smoke. 

Cigarette-smoke inhalation challenge 

Challenge chamber The static-test chamber used for 
challenges was 3 66 by 2,13 by 3.35 m with a 26 m' volu me 
A temperature of 21° to 24° C and relative humidity of 50% 
to 60% was maintained throughout the challenge proce¬ 
dures. Air circulation was provided by a portable fan 
Smoke-generating equipment, air-sampling equipment, and 
the spirometer were in the chamber. 

ETS challenge. The study protocol was approved by the 
Human Experimentation Committee of Tulane University 
Medical Center. All participants gave written informed con¬ 
sent. Subjects underwent ETS challenge while their asthma 
was "stable" (without any recent flares for the previous 3 
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months. hospitalizations, upper respiratory tract infections, 
or significant adjustments in asthma medicationsi. Medi¬ 
cations were withheld according to the established guide¬ 
lines. “ Details of the ETS challenge have been previously 
published/ After baseline pulmonary functions tFEV,. 
FVC. peak expiratory flow rate. FF.F,,, subjects were 
exposed for 4 hours (starting between 8 am to 9 AM! to 
mixed mainstream-sidestream cigarette smoke from IR4F 
reference cigarettes (Tobacco Research Institute. University 
of Kentucky. Lexington. Kv.) generated with a Borewaldt 
fully automatic smoking machine (Heinrich Borgwaldt. 
Hamburg. Germany). The subjects could not be blinded 
during challenge because it was impossible to mask ciga- 
rette-smoke exposure. Eighteen to 24 cigarettes were 
smoked during the course of a 4-hour challenge to maintain 
airborne particulate level of 800 cpm. as measured by a 
Sibata P5 (MDA Scientific. Lincolnshire. 111.) continuous 
aerosol moniior. If the study subjects demonstrated a ^ 2091 
drop from baseline FEV,, ihe subject was considered a re¬ 
actor. was allowed to exit from the chamber, and was ad¬ 
ministered nebulized albuterol. After ETS challenge, sub¬ 
jects were observed in the laboratory for a total of 10 hours. 
Hourly peak flow determinations were performed with a 
mini-Wright peak flow meter for an additional 14 hours after 
the subject returned home to identify any late-phase re¬ 
sponses. 

Quantitation of cigarette-smoke exposure 
during inhalation challenge 

The level of cigarette-smoke exposure during broncho- 
provocation challenge was determined by measuring relative 
particulate levels, airborne nicotine, and TSP levels as pre¬ 
viously described.* Relative particulate levels (expressed as 
counts per minute) were continuously monitored with a Si¬ 
bata model P5H2 light-scattenng aerosol indicator (MDA 
Scientific) during the challenge. Integrated samples of the 
particulates were collected at a flow rate of l L/mm on 
preweighed 37 mm Teflon FA filters (Miltipore. Milford, 
Mass.) for gravimetric quantitation of TSP concentration. 
Quantitation of airborne nicotine was based on modification 
of the method proposed by the National Institute for Oc¬ 
cupational Safety and Health. 1 ’ Nicotine was collected on 
XAD-4 resin tubes (SKC. Inc.. Eighty-four. Pa.) at a sam¬ 
pling rale of I L/min. Absorbed nicotine was desorbed with 
1 ml of mobile phase (85:15:0. Whexane: n-propanol. tn- 
ethylamine), filtered and analyzed by high-performance liq¬ 
uid chromatography on a 30 cm microporasi! column (Wa¬ 
ters Associates. Milford, Mass ) and quamiiated by ultra¬ 
violet absorbance at a wave length of 265 nm. 

RESULTS 
Study population 

The questionnaire survey indicated that of the sub¬ 
jects with asthma. 25 were receiving inhaled Pa-ag¬ 
onist, 16 were taking oral theophylline, three 
were taking cromolyn sodium and steroid inhalers, 
and seven subjects were taking antihistamines. Six of 


the SS subjects without asthma were taking antihis¬ 
tamines. Eighty-four percent of the SS subjects with 
asthma and 92% of the SS subjects w ithout asthma 
never smoked. The remaining subject were all 
exsmokers for at least 4 yeatj. Sixty-one percent or 
the SS subjects with asthma and 49% ot the SS sub¬ 
jects without asthma claimed exposure to passive cig¬ 
arette smoke at home or the workplace. All subjects 
were atopic. 

Only 11% of the subjects reacted to either of the 
tobacco-leaf extracts. None of the subjects had a pos¬ 
itive test of cigarette-smoke extract. There was no 
correlation between positive skin test to tobacco-leaf 
extract and cigarette-smoke reactivity or increase in 
BHR. 

Cigarette-smoke challenge 

The study subjects were exposed to mixed main¬ 
stream-sidestream smoke. Dunns the 4-nour ETS 
challenge, airborne particulate levels of 800 cpm were 
maintained that resulted in a TSP of 1266 r 2V* 
p-g/m* and airborne nicotine level ot 226 i -to 
P-g f'm\ 

Five of the 31 SS subjects with asthma reacted 
(£20% fall from baseline FEV,) on ETS challenge 
These five subjects demonstrated persistent reactivity 
to ETS on repeated challenges for at least 5 consec¬ 
utive years. No classic iate-phase pulmonary response 
was demonstrated in any of the study subjects mon¬ 
itored with a mini-Wright peak flow meter tor 24 hours 
from the commencement of ETS challenge None of 
the 39 SS subjects without asthma demonstrated a 
significant decline in pulmonary function during or 
after 4-hour ETS challenge. 

Methacholine challenge 

Thirty-two percent (10/31), 29% (9 31 1 . jnd tb% 
(5/31) of the SS subjects with asthma demonstrated 
increased BHR at 6 hours. 24 hours, and 3 days, 
respectively, after ETS challenge (Fie 1 1 Sivieen 
percent (5/31) and 13% (4/31) ot the SS suhievts 
with asthma had increased BHR at 1 week and 2 week- 
after ETS challenge. One SS subject with asthma dem¬ 
onstrated a 16-fold increase in BHR at 6 and 24 hourv 
after ETS challenge; two other SS subicct' »nh 
asthma demonstrated 11-fold and eightfold increases 
in BHR at 24 hours. In one SS subject with asthma, 
the increase in BHR persisted for 8 weeks H'ur sS 
subjects with asthma requested the use ot inhaled ai 
butero! at 6 and/or 24 hours and were not tunner 
methacholine challenged. Five SS sublets with 
asthma demonstrated a greater increase in BHR ji 2 a 
hours than at 6 hours after ETS exposure None oi 
the 10 control subjects challenged with three -.coal 
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FIG. 1. Methacholine PD M (cumulative breath units) before and at 6 hours, 24 hours, and 3 days 
after ETS challenge in SS subjects with asthma who demonstrated increased BHR. Each symbol 
represents an individual's response, 


SSA 

SSNA 



-30-1 


4-1 

*+\> 


FtG. 2. Change in FEV, of study subjects who demonstrated increase in BHR after ETS challenge 
Dotted horizontal line indicates a positive response to ETS by 20% or more drop in FEV, from 
baseline. 


MCs without cigarette-smoke exposure demonstrated 
a twofold or greater decline in PD. 0 - The change in 
baseline FEV, on the study subjects who demonstrated 
increased BHR after ETS challenge is illustrated in 
Fig. 2. 


Of the SS subjects without asthma, 18% |7 ; 39) and 
10% 14/39) demonstrated increased BHR at 6 and 24 
hours, respectively (Fig. 3). Increased BHR persisted 
in 2/39 SS subjects without asthma for up to 3 weeks. 
One SS subject without asthma demonstrated in- 
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FIG. 3. Change in methacholine PD» in SS subjects without asthma after ETS challenge. Y axis 
denotes percent change in post-ETS challenge PD» from Pre-ETS challenge PD W . X axis is the 
time interval after ETS challenge in days. Zero on the Y axis is equal to pre-ETS challenge PC*,, 
which was different in the various study subjects. Each symbol represents an individual's re¬ 
sponse. 


creased BHR for up to 8 weeks after single ETS ex¬ 
posure. 

DISCUSSION 

Our studies of passive cigarette-smoke challenge in 
nonsmokers demonstrate that almost 1/3 of SS sub¬ 
jects with asthma and 1/5 of SS subjects without 
asthma have a marked increase in BHR 6 hours after 
ETS exposure. The increase in BHR varied. One sub¬ 
ject with asthma had a 16-fold increase ui BHR. Two 
other subjects, one subject with asthma and one with¬ 
out, each had increased BHR that persisted for up to 
8 weeks after cigarette-smoke exposure. These in¬ 
creases in BHR were observed in spite of an absence 
of demonstrable tate-phase pulmonary responsiveness 
and appreciable change in airway caliber on spirom¬ 
etry. However, the fact that all subjects were atopic 
may limit the applicability of these results to the gen¬ 
eral population. Degree of bronchial reactivity before 
ETS challenge had no apparent impact on the outcome 
of ETS challenge. 

It is of particular interest that an increase in BHR 
was observed in asymptomatic subjects without 
asthma after ETS exposure. Since "dose” and duration 
of passive cigarette-smoke exposure may have been 
important factors in their responses, every effort was 
made during the challenge to simulate ETS levels sim¬ 
ilar to levels encountered in real life. The cigarette- 
smoke levels used in our bronchoprovocation studies 


have been reported in public places. 18 However, as is 
the case with allergen challenges, the subjects may 
have been exposed to relatively higher doses of ETS 
in a shorter period of time during challenge. Some of 
the subjects demonstrated increased BHR for pro¬ 
longed periods of time (8 weeks). This finding could 
be due to ongoing cigarette-smoke exposure at home, 
work, or elsewhere. Six of It subjects with asthma 
and two of seven without asthma who demonstrated 
increased BHR reported cigarette-smoke exposure at 
home or work. 

The precise mechanisrafs) of ETS-induced increase 
in BHR is unknown. Possibly it involves imtant para¬ 
sympathetic receptors. Studies with animal models 1 ’ 
have demonstrated that inhalation of volatile organic 
chemicals, such as toluene diisocyanate, increases air¬ 
way reactivity induced by substance P and decreases 
airway neutral endopeptidase activity, perhaps by in¬ 
juring or destroying epithelial cells. It would be worth¬ 
while to investigate the role of neuropeptides and their 
inhibitors in the induction of ETS-induced BHR. In 
vitro studies have suggested that cigarette smoke stim¬ 
ulates release of neutrophil chemotactic factor activity 
from cultured bronchial epithelial cells, 20 which could, 
in turn, lead to chronic inflammation, The fact that 
an anti-inflammatory agent, such as cromolyn sodium, 
could protect the airways from the effects of cigarette 
smoke 5 also argues in favor of low-grade chrome sub- 
clinical airway inflammation induced by ETS. Irre- 
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spective of the meehamsm(s) involved, our current 
findings raise the possibility that inhaled environmen¬ 
tal chemicals and volatile pollutants can induce airway 
hyperreactivity in the absence of antecedent overt clin¬ 
ical symptoms. Perhaps the cumulative efforts of such 
exposure could lead to a permanent state of airway 
hyperreactivity or even a condition resembling “in¬ 
trinsic” asthma. It is also theoretically possible that 
ETS-induced airway inflammation could increase ep¬ 
ithelial permeability and thereby increase the likeli¬ 
hood for IgE sensitization. This may explain the re¬ 
ported association of active tobacco smoking with an 
increase in serum IgE levels' 1 and eosinophil counts.- 

The nature of the ETS component inducing BHR 
has not been identified. Is it possible that nicotine is 
responsible for the induction of BHR after ETS ex¬ 
posure? Our challenge atmospheres had a nicotine to 
TSP ratio of 1:6. which is in the upper range for such 
ratios commonly observed in public places. 11 It is 
unlikely, however, that nicotine is related to any in¬ 
crease in BHR since recent in vitro studies 24 have 
demonstrated that hyperreactivity induced by cigarette 
smoke is not due to an acute effect of nicotine on 
airway smooth muscle or to an interaction between 
muscle and epithelium. 

The relative contribution of the particulate and gas¬ 
eous phase of cigarette smoke in inducing BHR is not 
clear and requires further study. We have demon¬ 
strated that significant levels of upper and lower re¬ 
spiratory tract irritants, such as formaldehyde, acro¬ 
lein, acetaldehyde, NH 3 , and N0 2 are present in the 
gaseous phase in the test chamber. 13 Bronchoprovo- 
cation with gaseous phase of cigarette smoke in a 
dynamic test chamber, planned for the future, will 
address this issue. The relative contribution of main¬ 
stream versus sidestream cigarette smoke in induction 
of BHR is unknown since all subjects in the present 
study were challenged with mixed mainstream-side¬ 
stream cigarette smoke. In preliminary results from 
another study in our laboratory with another group of 
20 subjects with asthma, 30% have, however, dem¬ 
onstrated increased BHR after challenge with side- 
stream cigarette smoke alone. 

Whether or not serial MCs within a 24-hour period 
per se may alter airway susceptibility to subsequent 
MCs can be questioned. Prior roethachoiine admin¬ 
istration has not been demonstrated to increase re¬ 
sponsiveness to subsequent MCs. 14 On the contrary, 
a decrease in responsiveness to methacholine has been 
reported in nonsmoking subjects without asthma se¬ 
rially challenged with methacholine within 24 hours 
or less. 17 None of the 10 control subjects with asthma 
in this study who were subjected to three sequential 
MCs within a 24-hour period, without ETS exposure. 
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demonstrated a twofold or greater decline in PD^ as 
occurred in some of the subjects after ETS challenge. 

Clearly, passive cigarette-smoke challenge studies 
performed in the laboratory are limited by experi¬ 
mental conditions and thus cannot always be equated 
with ETS exposure in real life situation. However, we 
believe that our finding of increased mecholyl-induced 
BHR after ETS exposure, even in asymptomatic sub¬ 
jects, is relevant to the issue of cigarette-smoke reac¬ 
tivity. Allergen avoidance has been demonstrated to 
decrease BHR and improve symptoms in a group of 
subjects with asthma, 111 and it is possible that a similar 
beneficial effect could occur by avoidance of ETS. 

We (hank Mr. Cedric Wilson, Mr. Byron Lockhart, and 
H 'ei Poovey, MSPH. for their expert technical assistance. 

REFERENCES 

1. Shephard RJ, Collins R, Silverman F. “Passive" exposure of 
asthmatic subjects io cigarette smoke- Environ Res 
1979:20:392-402. 

2. Wiedemann HP, Mahler DA, Loke J, Virgulto JA. Snyder P, 
Matthay RA Acute effects of passive smoking on lung function 
and airway reactivity in aslhmatic subjects. Chest 1986:8V: 
180-5 

3. Dahms TC. Bolin IF. Slavin RG. Passive smoking: effects on 
bronchial asthma. Chest 1981:80:530-4 

4 Surnkus RP, Menon PK. Ran do RJ, Glindmeyer H. 5alvaggio 
JE. Lehrer SB. Cigaieite smoke-sensitive asthma: challenge 
studies. J allergy Cun Immunol 1988:82:331-8. 

J. Menon PK, Stankus RP, Rando RJ. Lehrer 5B. Inhalation 
challenge studies with environmental tobacco smoke [Ab¬ 
stract). J Allergy Cun Immunol 1988:81:324. 

6. Gerraid JW, Cockcroft DW. Mink JT, Cotton DJ, Poonawala 
R, Dosman JA. Increased nonspecific bronchial reactivity in 
cigarette smokers with normal lung function. Am Rev Respir 
Dis 1980;122:577-81, 

7. O'Connor GT, Weiss ST. Tagcr IB. Speller FE The effect of 
passive smoking on pulmonary function and nonspecific bron¬ 
chial responsiveness in a population-based sample of children 
and young adults. Am Rev Respir Dis 1987:135:800-4 

8. Murray AB, Morrison BJ. The effect of cigarette smoke from 
the mother on bronchial responsiveness and severity of symp¬ 
toms in children with asthma. J Allercy Cun Immunol 
1986:77:575-81. 

9. Martinez FD. Antognoni G, Macri F, cl al. Parental smoking 
enhances bronchial responsiveness in ninc-year-oid children. 
Am Rev Respir Dis 1988:138:518-23. 

10. Cockcroft DW. Ruffin RE. Dolovich J. Hargreave FE. Aller¬ 
gen-induced increase in nonallergjc bronchial reactivity. Clin 
Allergy 1977;7:503-13. 

1 1. Cartier A. Thomson NC. Fnih PA. Roberts R. Tech M. Har¬ 
greave FE. Allergen-induced increase in bronchial respon¬ 
siveness to histamine: relationship to the late asthmatic re 
sponsc and change in airway caliber. J Allergy Clin Immunol 
1982:70:170-7. 

12. Machado L. Increased bronchial hyperreactivity after early and 
late bronchial reactions provoked by allergen inhalauon. Al¬ 
lergy 1985.40:580-5 

13. Lehrer SB. Stankus RP. Salvaggio JE. Tobacco smoke sen¬ 
sitivity: a result of allergy? Ann Allergy 1986:56:369-80 

14. Hendrick DJ, Fabbn LM. Hughes JM, et al. Modification of 


PM3006447734 


Source: https://www.industrydocuments.ucsf.edu/docs/nyjj0001 



566 Menon et al. 


J ALLERGY CL N iMMUNOl 
FESRLAR v '992 


the methacholme inhalation test and us epidemiologic use in 
polyurethane workers. Am Rev Respir Dis 1986.133:600-4. 

15. Chai H. Rut RS. Froclich LA, ct al. Standardization of bron¬ 
chial inhalation procedures. I Allergy Cun Immunol 
1975;56:323-7 

16. Cartier A, Bernstein IL, Burge PS, et al. Guidelines for bron- 
choprovocation on the investigation of occupational ashtma: 
report of the Subcommittee on BronchoprovocatKm for Oc¬ 
cupational Asthma i Allergy Clin Immunol 1989.84:823-9 

17. Method No. S293, NlOSH Manual of AjjaJytical Methods, vo! 
3. 2nd ed. U S. Government Pnnung Office, DKHS publi¬ 
cations No 77-I57-C. 

18. Sterling TD, Dimich H. Kobayashi D. Indoor byproduct level 
of tobacco smoke, a critical review of literature- J Air Pollution 
Control Assoc 1982;32:250-9. 

19. Sheppard D. Thompson JE. Scypinski L, Dusser D. Nadel iA. 
Borson BD. Toluene diisocyanate increases airway respon¬ 
siveness to substance P and decreases airway neutral ernlo- 
pephdase. J Clin Invest 1988:81:1111-5. 

20. Shoji S, Ertl R. Rennard SI. Cigarette smoke stimulates release 
of neutrophil chemotacnc activity from cultured bronchial ep¬ 
ithelial cells [Abstract). Clin Res 1987:35:539 

21. Burrows B. Halonen M. Barbee RA. Lebowitz MD. The re¬ 
lationship of serum immunoglobulin E to cigarette smoking. 
Am Rev Respir Dis 1981:124:523-5 


22. Kauffmann F. Neukirch F. Korabaeff M. Marne MJ. Cljude 
JR. LellouCh j. Eosinophil's, smoking, and lung lunciton Am 
Rev Respir Dis 1986:134:1172-5. 

23. Eatoueh DJ. Hansen LD. Lewis EA Assessing exposure 
to environmental tobacco smoke. In: Perry R. Kirk . 
eds. Indoor and ambient air quality. London; Selper. Ltd.. 
1988. 

24. Lang M, Hahn HL. Smokers’ hyperreactivity is nor due to an 
acute effect of nicotine on airway smooth muscle or on inter¬ 
action between muscle and epithelium. Chest 1989;96<2 ); 170S. 

25. Rando RJ, Menon PK. Lehrer SB Multiple parameter char¬ 
acterization of controlled steady-state atmospheres of environ¬ 
mental tobacco smoke (ETS) in a dynamic test chamber. Pre¬ 
sented at the American Industrial Hygiene Conference. Or- 
lando. Fla., May 17. 1990. 

26. Black JL. Smith CM. Anderson SD. Cromolyn sodium inhibits 
the increased responsiveness to methacholinc that follows ul- 
tiasonically nebulized water challenge in patients with asthma. 
J Allergy Clin Immunol 1987.80:39^4. 

27. Beckett WS. McDonnell WF. Wong NO Tolerance to methu- 
cholme inhalation challenge in nonasthmatic subjects. Am Rev 
Rcsptr Dis 1988:137:1499-1501. 

28. Platts-Mil Is TAE. Mitchell EB, Nock P. ToVev ER. Moszoro 
H. Wilkins SR. Reduction of bronchial hyperreactivity dunrtg 
prolonged allergen avoidance. Lancet 1982:2:675-7. 


Bound volumes available to subscribers 

Bound volumes of The Journal of Allergy and Clinical Immunology are available 
to subscribers (only) for the 1992 issues from the Publisher, at a cost of $54.00 for domestic, 
$75.78 for Canadian, and $72.00 for international subscribers for Vol. 89 tJanuary-Junet 
and Vol. 90 (July-Decemben Shipping charges are included. Each bound volume contains 
a subject and author index, and all advertising is removed. Copies are shipped within 30 
days after publication of the last issue in the volume. The binding is durable buckram with 
the journal name, volume number, and year stamped in gold on the spine. Payment must 
accompany all orders. Contact Mosbv-Year Book, Inc., Subscription Services, 11830 West- 
line Industrial Dr., St. Louis. MO 6314b-33lB; phone 1800) 325-4177. ext. 4351, or (314) 
4534351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place 
of a regular journal subscription. 


PM3006447735 

Source: https://www.industrydocuments.ucsf.edu/docs/nyjj0001 




